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o -——SUMMARY -OF RESULTS -

- INGERSOLL-RAND ENGINE *1

RUN 1 RUN 2
BENZENE
ppmyvy 0.12 0.37
Ib/hr 0.0009 0.0028
TOLUENE
ppmy 0.15 0.11
1b/hr 0.0013 0.0010
ETHYLBENZENE
ppmy 0.06 0.03
1b/hr 0.0006 0.0003
XYLENE
ppmv 0.29 0.27
Ib/hr 0.0045 ~0.0017
PROPYLENE
ppmy < 0.10 <0.10
ib/hr < 0.0004 < 0.0004
FORMALDEHYDE
ppmv - -
- Ib/hr - -
ACETALDEHYDE
ppmy - -
ib/hr - -
ACROLEIN
ppmyv - -
1b/hr - -

ENVIRONMENTAL _2

- RUN 3

0.13
- 0.0010

0.05
0.0004

0.02
0.0002

0.15

- 0.0015

< 0.10
< 0.0004

- i 528

AVERAGE

0.21
0.0015 -

0.10
0.0009

0.04

0.0004

0.29

- 0.0029

<0.10
< 0.0004

8.7
0.025

0.03
0.00013

0.006
0.00003
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Client : Marathon Qil Date : 7/9/92
Site : Taft Gas Plant Tstd__ 8% °F b#: 13045
Unit : Engine * 1. Lab *; 292-116

RESULTS im ‘37w
Compouﬁd RN *

Name i 2 3 AVERAGE
Naphthalene 0.000198] 0.6 3123 | 0.000168 0.000165
Acenaphthyliene 0.000022| = .00 42 0.000017 0.000302
Acenaphthene < 0.000003] « ¢ 130002} « 0.000003 < 0.000002
Fluorene 0.000014 3.7 Q9% | 0.000008 0.000910
Phenanthrene °'°°°°33; 3.2 0.000034 0.000031
Anthracene 0.000004} O..% 0.00000S | - 0.000004_
Fluoranthene 0.000009{ 2.0 0006 0.000016 0.000010
Pyrene 0.000008| 0.0:0809 0.000017 0.000010
Benzo (a) anthracene < 0.000003} < 0.000002 | < 0.000003 < - 0.000003
Chrysene < 0.000003} < 4.000002 | < 0.000003 < 0.000002
Benzo(b)fluoranthene < 0.000015] < 0.000011 | < 0.000014 < 0.000011
Benzo(k fluoranthene < 0.000015] < 0000011 | < 0.000014 < 0.000013
Benzo(a)pyrene ¢ 0.000015] < 5.000011 | < 0.000014 < 0.000013
Indeno(1,2,3-cd)pyrene < 0.000015| < 0.000011 | < 0.000014 < 0.000013
Dibenzo(a,h)anthracene ¢ 0.000015} < 0.000011 < 0.000014 < 0.000009
Benzo(g,h.i)perylene < 0.000015| < 0.000011 | < 0.000014 < 0.000013

BTC Environmental, Inc. - 1992 s&,, qL s i
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- . SUPERIOR ENGINE C '

- RUN 1
BENZENE
popmy 0.43
ib/hr 0.015
TOLUENE :
ppmv 0.13
1b/hr 0.005
ETHYLBENZENE
. ppmy 0.05
ib/hr 0.002
XYLENE
ppmy 0.40
Ib/hr -0.019
PROPYLENE
ppmv 3.4
Ib/hr 0.065
FORMALDEHYDE
e ot e e e s e pp.y e et ¢ [P
Ib/hr -
- ACETALDEHYDE
ppmy -
1b/hr -
ACROLEIN
ppmy -
1b/hr -

ENVIRONMENTAL ¢

RUN 2

0.64

- 0.023

0.12

0.005

0.06

0.003

0.35

0.017 -

RUN 3

0.46
0.016

0.26
0.011

0.63

0.030

3.7
0.070

AYERAGE

0.51
0.018

0.17
0.007

0.07
0.003

0.46
- 0.022

3.6
0.0638

90
1.22

1.4
0.028

0.19
0.005
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Client : Marathon Oil Date : 7/8/92
. Site : Taft Gas Plant T st 30 s 2 *: 13045
Unit : Engine C Lab #: 292-116
.‘7;?5“‘.13 in 1B/
Compound RUN * .
Name 2 3 AVERAGE
Naphthalene i 9.002433 | 3.002733 0.002516
Acenaphthylene 0.90¢ 5Eau 0.0_00148 %.000044 0.000302
Acenaphthene < 0.0CC0H H < 0.000014 | < 0.000011 < 0.000010
Fluorene 0.300854 0.000042 | 2.000041 0.000044
Phenanthrene 0.5006<7 0.000676 | ©.000694. | 0.000671
Anthracene 0.06:0925] 9.000063 | £.0000 19 0.000036
Fluoranthene 0.96:5391] 0.000192 2.000381 | 0.000291
Pyrene 0.00530% 0.000150 4.000386 | 0.000278
Benzo (a) anthracene < 0.000011] < 0.000014 | < 0.000011 < 0.000012
Chrysene 0.003326| < 0.000014 0.000026 | |< 0.000020
Benzo(b)fluoranthene < 0.000054| < 0.000071 | < 0.000056 < 0.000051
Benzo(k)fluoranthene < 0.000054| < 0.000071 | < 0.000056 . < 0.000060
- Benzo(a)pyrene ~ 77| 7% 0.000054} < 0.000071°| ¢ 0.000056 | ~'| < 0.000060
Indeno(1.2,3-cd)pyrene | < 0.000054| < 0.000071 | ¢ 0.000056 - < 0.000060
Dibenzo(a,h)anthracene < 0.000054| < 0.000071 | < 0.000056 < 0.000039
Benzo(g,h.i)perylene < 0.000054| < 0.000071 { < 0.000056 < 0.000060
/
I 5 .,00%>
ﬂ BTC Environmental, inc. - 1992 S
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RUN 1 RUN 2
- BENZENE
ppmy 630 830
1b/hr 0.023 0.031
TOLUENE
ppmy 1,100 1,300
1b/hr 0.048 8.057
ETHYLBENZENE
ppmy 330 450
1b/hr 0.017 0.023
XYLENE
ppmy 2,000 Z,800
1b/hr 0.100 0.141
NON—-METHANE HYDROCARBONS
ppmy 23,100 29,300
1b/hr 0.38 0.50

HYDROGEN SULFIDE
T ppmy 55,200
grains/ 100 dscf 3,470

6LYCOL ETHERS, 1b/hr
2-Methoxyethanal < 0.000002 < 0.000002

2-Ethoxyethanol < 0.000002 < 0.000002
2-Butoxyethanol < 0.000002 < 0.000002

% seenext dowv& :
| QMFOM AN
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RUN 3

1,100
0.041

1,200
0.052

< 0.000002
< 0.000002
< 0.000002

s A e o T Lt am e e e TR - - .- .- sUHmRY DF REwLTs - .-. . _.,4.., .. ... N
o : ' 6LYCOL REBOILER UNIT

AYERAGE

853
0.032

1,200
0.052

357
0.018

2,200
o111

29,900
.51

< 0.000002
< 0.000002
< 0.000002

N
Vs
/‘/ ~_
AN
o~
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e L INTRODUCEES: i

- On July ' 7-9, 1992, BTC personng! cerformed AB2583 Tax‘c Emission Testing at the South Coles

Levee Gas Plant located in Kern County, California. Testing was performed on the Ingersoll Rand
" Engine *1, Superior Engine *C and the Glycol Recoiler 'init. The facility obtains field natural
~.gas and uses the compressor engines to compress the gas orior to the distribution to the gas plant
for distribution as sales gas to Southern California Gas Sompany and for further fractionating
into other light weight petroleum procucts.

Superior_Engine C. Superior Modei 12SGTB, S/N 317309. The engine is a turbocharged 2000
HP natural gas fired lean burn IC engine (PTO #2074035). The engine is identified as Engine C.

~ Ingersoll Rand Engine #1: Ingersall-Rand Model PCG-8, S/N 86P-2123. The engine is a 360
HP natural gas fired rich burn IC engine (PTO #2024026). The engine is equipped with a

catalytic converter attached to the exhaust duct and operates a 250KW/2400V generator. A flue
' gas oxygen analyzer is gtﬂized in the exhaust to monitor oxygen content

Glycol Reboiler Unit: The steam heated giycol reboiler removes water from field gas by allowing
the field gas to pass through the glycol sotution. The glycol is heated by steam to remove the
entrained water and then returned to the stripper reservoir. The dewatered natural gas is then

piped to the gas plant for further processing.

N BTC oo _
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A SAMPLING AND ANALYT:Z-. Z30CEDURES o mmnmmf

- PAH's: CARB Method 429 was usec for the Poivavelic -+~ matic Hydrocarbons sampling. The
o sample train consists of a glass nozzle, heated glass or -7z~ probe, heated glass fiber filter, -
' water cooled condenser , water cooled XAD resin cartridge an< =30led impingers. The sampling on
the Superior engine was conducted isokinetically for 125 minutes with a total of 12 sample
‘ ] points from the horizontal port. 7he Ingersol-iand sngine u:ilized a single point and a single
port. All samples were retrieved in the field. A trave! 2iank was prepared and taken on site and
returned to the laboratory and treated as though it we~2 & samoie and the XAD resin was spiked as
‘3 ~ outlined in the method. The samples were sent t¢ Caiscience £svironmental for anlysis by GC/MS.
Results are reported in ug per sample and 1b/hr. See the attzched sample train diagram.

FORMALDEHYDE, ACETALDEHYDE & ACROLEIN: CARB Mathod 430 was used. The sample
train consists of a teflon probe connected to two (2) midget impingers containing DNPH
absorption solution and the third impinger contains silice gel. The sampling was conducted in
triplicate for 60 minutes at a constant rate of anproximateiy 3.5 liter per minute. New Teflon
probes were used for each device. Triplicate travel blanks were prepared and taken on site and
returned to the laboratory and treated as though they were samples. The sam ples were retrieved
in the field, stored on ice and returned to the laboratory. A chain of custody was.prepared and the
samples along with ths travel blank submitted to AtmAA, Inc. for analysis by HPLC. Results are
reported in ug per sample and Ib/hr. : :

NOTE: Due to excessive moisture in the Glycol Reboiler unit it was decided on site between BTC
and SUUAPCD that testing would not be conducted for formaldehyde. '

BENZENE, TOLUENE, ETHYLBENZENE, XYLENE & PROPYLENE: CARB Method 410A was
used. The sampling system consisted of a stainless steel or Teflon probe, Teflon connecting line, a
5-10 liter Tedlar beg and a leak free vacuum chamber. The Tedlar bag was placed into a vacuum
chamber. The Teflon connecting line was attached directly to the Tedlar bag. Sample was allowed
to enter the Tedlar bag at a constant rate by applying a vacuum to the chamber and the.Tedlar bag -
was allowed to fill over a 40 minute period of time. After the bag was filled, the bag was removed
from the chamber, labeled and placed into 3 black plestic bag. The samples along with a travel
blank were returned to the laboratory for analysis. A chain of custody was prepared and
submitted to BTCE for analysis. The BTEX samples were analyzed by gas chromatography
utilizing a Photoionization detection (PID) system. The Propylene was analyzed using gas
chromatography utilizing a Flame loniozation detection (FID) system. The results are reported
in ppmv and 1b/hr.

6LYCOL ETHERS: NIOSH Method 1403 was used to determine Glycol Ethers. The sample train
consists of a Teflon sample line, an iced water dropout, a charcoal absorption tube and 3
calibrated sample pump. The exhaust gases were sampled in triplicate at a constant rate of
approximately 0.5 liters per minute for a period of 120 minutes. The condensate was recovered
and placed into a YOA bottle and kept on ice. The charcoal tubes were capped and stored on ice. The
the charcoal tubes were submitted to Performance Analytical and analyzed for 2-Methoxyethanol,
2-Ethoxyethanol & 2-Butoxyethanol by gas chromatography utilizing a Flame lonization
detection (FID) system. Results are reported in 1b/hr. There was less than 0.5 mi of condensate

;_] in each gLt ts and therfore the dropouts were not analyzed. J
: ENVIRONMENTAL R '
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i SAMPLING AND ANALYTIC:L =7 3CEDURES -(Cont) RESE—

HYDROGEN SULFIDE: CARB Method 11 was used 10 determine Hydrogen Sulfide in the exhaust . .
of the Glycol Reboiler. The sample train consists of 2 T27on sample line connected to five (5)
- midget impingers and a sample pump connected tc & dry 5as meter. The first impinger contains
- 3% H202, the second impinger is dry, the third and fourth impingers contain Cadmium Sulfate -
-.-3 : solution and the fifth impinger contains silica gel. The sampling was conducted at a constant rate
of approximately 1 liter per minute for 30 minutes. After sampling, the sample train was
purged with clean air for 10 minutes. The Cadmium Sulfate solution was recovered and analysis

was performed in the field by lodine/Thiosulfate titration.

?__j OXYGEN AND CARBON DIOXIDE: CARB Method 100 was used. The oxygen was determined by
the use of a Teledyne 320AX electrochemical analyzer. The carbon dioxide was determined by the - -

use of an ACS (Fuji) 3300 NDIR analyzer.- The analyzers were calibrated with +1% NBS

A " traceable calibration gas before and after each run. The Sycol Reboiler exhaust gas was assumed

™ to be ambient air of 20.9% 02 and 0.053 CO2. '

i EXHAUST YELOCITY, MOISTURE & FLOWRATE: CARB Method 1, 2 & 4 were used for the
velocity & flowrate determination for the Superior engine. A total of 24 traverse points were .-
q utilized (12 at each port). The Ingersoi-Rand engine was determined using EPA Method 2C. A
= total of 12 traverse points were taken (6 at each port). The Gycol Reboiler was measured using
EPA Method 2C with a total of eight (8) traverse points (4 points at each port). An “S" type pitot
was used due to the high moisture content in the exhaust gas. Three (3) traverses were conducted
---and a single moisture sample were taken at each device. -~ - —_ ——

Zi - Al results were calculated according the IVUAPCD standard conditions of 60°F and 29.92 in of Hg.
{f you have any questions regarding the testing procedures or the calculations, please contact the
‘g—g undersigned at (80S) 644-1095. : :

Respectfully, jtted,
BTC/ ENVIRONMENTAL, INC.

ark Patrick '@U’\ Reviewed By: _éﬁ__

Test Supervisor _ Tom Porter
Vice President - Air Test Division

" 'iII‘ ““"h‘i"'. _
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August 31, 1992

" Marathon Oil Company
PO Box 2690
Cody, WY 82414-2690

Attention: Roger Thompson
Re: AB2588 Toxic Emissions Testmg at South Coles Levy

_ Dear Mr Thompson
| have included revised calculations and summary of the Glycol Reboiler H2S emmissions. The
original spreadsheets contained errors pertaining to the calculation of stack gas volume which
was drawn for the H2S testing. The corrected spreadsheets use a higher volume which greatly

reduces the concentration of H2S.

If you have any questions, please feel free to contact Tom Porter or myself.

=~ MBe-st Regards,
Mark’ Patrick
- Testing Supervisor

1536 Eastman Avenue ® Ventura, CA 93003 ¢ (805) 644-1095



"GLYCOL R=BOILER UNIT

RUN 1 - FUN 2 “RUN 3 " AVERAGE

BENZENE : _

ppmv 630 #30 1,100 853

Ib/hr 0.023 . 0.231 0.041 , 0.032
TOLUENE - : _

ppmv 1,100 - 1,300 1,200 1,200

Ib/hr 0.048 0.057 0.052 .. 0.052
ETHYLBENZENE S o _

ppmy 330 450 290 357

Ib/hr 0.017 0.023 0.015 0.018
XYLENE

ppmy 2,000 2,800 _ 1,800 2,200

Ib/hr 0.100 0.141 0.090 0.111
NON-METHANE HYDROCARBONS _

ppmv 23,100 ‘29,300 37,300 29,900

Ib/hr 0.38 0.50 0.65 0.51,_\

\.

HYDROGEN SULFIDE

ppmyv
grains/100 dscft

Ib/hr

GLYCOL ETHERS, Ib/hr

2-Methoxyethanol < 0.000002 < 0.000002 < 0.000002 ' :000002
2-Ethoxyethanol < 0.000002 < 0.000002 < 0.000002 < 0.000002
2-Butoxyethanol < 0.000002 < 0.000002 < 0.000002 < 0.000002

\



"HYDROGEN SULFIDE (H2S) ANALYSIS
ASTM D 2385

Client : Marathon Qil Date :7/7/92
Site : Glycol Reboiler : Job# : 13045
Sample ID : H2S - Run 3 v Lab# : 292-116

Stack Exhaust Flowrate, Qstd: 3
Dry Gas Meter ID Number : B
Meter Factor, (Mf) : 1.0000
Standard Temperature, (Tstd) : 60 °F
CdSO4 Solution: 40 g1 ( ) 10 g/l (*) Volume| 30 ~|ml
Start Stop Averages
Sampling Time: 13:42 14:19 min.
Barometric press, (Pb): 29.80 29.80 in. Hg 29.80 in. Hg
DGM Temperature, (Tm): 80 80 F 80.0 °F
Sample Volume , (Vs): 0.000 0.243 cf

Sample Gas Volume, (Vs)

Temp. Corr. Factor, (Tcf)

Blank : : . o
lodine, (Ib) : 3.0 mi 12 Normality , (Ni) =
Thiosuifate, (Tb) : 2.37 mi
Thiosulfate, (Nt) : 0.0199 N
Titration
lodine, (Vi) : 3.0 mi
Thiosulfate, (Vi) : 0.58 mi

Stop Vol - Start Vol
0.243008 dcf

(Tm,avg+460)/{Tstd+460)
1.038

(Nt * Tb) / Ib
0.0157 N

H2S CONTENT = ( ((Vi*Ni)-(VI*Nt)) * 787 * Tcf ) / (Mf * Vs * Pb avg)
= 4.0 grain / 100 dsct

= [grain/100 dscf] * 54160 / (34" 100)
= 64 ppmv

= [grain/100 dscf] *100/7000*Qstd
= 0.17 b/ hr

BTC Environmental, Inc. - 1990



'"HYDROGEN SULFIDE (H2S) ANALYSIS

e
CARB Method 11
Client : Marathon Oil . Date :7/7/92
Site :_Glycol Reboailer . Job# : 13045
Sample ID : H2S - Run 1 Lab# : 292-1186
Stack Exhaust Flowrate, Qstd: 3
Dry Gas Meter ID Number : B
Meter Factor, (Mf) : 1.0000
Standard Temperature, (Tstd) : 60 °F
CdSO4 Solution: 40 g/t ( ) 10 g () Volume| 30 |mi
5 ,
Start Stop Averages
Sampling Time: 10:33 ; 11:03 min.’ : :
Barometric press, (Pb): 29.82 , 29.82 in. Hg 29.82 in. Hg
DGM Temperature, (Tm):| 82 82 |F 82.0 oF
Sample Volume , (Vs): 0.000 0.197 cf :
Sample Gas Volume, (Vs) - Stop Vol - Start Vol
= 0.197000 dcf
S’

Temp. Corr. Factor, (Tcf) (Tm,avg+460)/(Tstd+460)

1.042
. . . Blank e . .

lodine, (Ib) : 3.0 ml 12 Normality , (Ni) = (Nt*Tb)/1Ib
Thiosulifate, (Tb) : 2.37 mi 0.0157 N
Thiosulfate, (Nt) : 0.0199 N

Titration )

lodine, (Vi) : 3.0 mi

Thiosulfate, (Vt) : 1.50 mi

H2S CONTENT = ( ((Vi*Ni)-(Vt*Nt)) * 787 * Tcf ) / (Mf * Vs * Pb avg)
= 2.4 graln / 100 dsct

= [grain/100 dscf] * 54160 / (34" 100)
= 38 ppmv

= [grain/100 dscf] *100/7000"Qstd
= 0.10 b / hr

BTC Environmental, Inc. - 1990



"~ HYDROGEN SULFZE ™15 ANALYSIS

CARE Vz:-oc 1
Client :_Marathon Qil L o Date :7/7/92
Site :_Glycol Reboiler N Job# 1 13045
Sample ID : H2S - Run 2 o Lab# : 292-116
Stack ESxhaust Flowrate, Qstd: 3
Lrs Gas Meter ID Number : B
Meter Factor, (Mf) : 1.0000
3tandard Temperature, (Tstd) : 80 °F ,
CdSO4 Solution: 4094 ( ) 10 g/ Volume| 30 fmi :
Start Stop Averages :
Sampling Time: 12:20 13:05 min.
Barometric press, (Pb): 29.82 29.82 in. Hg 29.82 in. Hg
DGM Temperature, (Tm): 82 82 F 82.0 °F
Sample Volume , (Vs): 0.000 0.296 cf

Stop Vol - Start Vol
0.295551 decf

Sample Gas Volume, (Vs)

Temp. Corr. Factor, (Tcf) (Tm,avg+460)/(Tstd+460)

= 1.042
- Blank - SR :
lodine, (ib) : 3.0 mi 12 Normality , (Ni) = (Nt*Tb)/1b
Thiosulfate, (Tb) : 2.37 ml 0.0157 N
Thiosulfate, (Nt} : 0.0199 N
Titration
lodine, (Vi) : 3.0 ml - '
Thiosulfate, (Vt) : 0.89 mi

H2S CONTENT = ( ((Vi*Ni)-(Vt*Nt)) * 787 * Tcef ) / (Mf * Vs * Pb avg)
= 2.7 grain / 100 dscf '

= [grain/100 dscf] * 54160 / (34* 100)
- 44 ppmv

= [grain/100 dscf] *100/7000*Qstd
= 0.12 b / hr

BTC Environmental, Inc. - 1990




